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(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately control the actual floor 
reaction by detecting the actual floor reaction to calculate the moment 
around the center point, determining the amount of rotation to correct 
the target position and/or posture so that the position and/or posture 
of the leg part is rotated, and to displace the joint of a robot. 
SOLUTION: A two-foot walking robot 1 is provided with a joint on a leg 
part link 2. A six-axis force sensor 44 is mounted on a foot joint, the 
three- direction components of the force and the moment are 
measured, and presence/ absence of landing of a foot part and the floor 
reaction are detected. An inclination sensor 60 is installed on an upper 
body 24 to detect the inclination and the angular velocity. A rotary 
encoder to detect an amount of the rotation is provided on an electric 
motor for a joint. First and second arithmetic units are provided in a 
control unit 26, and the first arithmetic unit calculates the angular 
displacement command of the joint, and feeds it to a RAM. The second 
arithmetic unit reads the measured value to detect the command from 
the RAM, calculates the control value, and outputs it to the electric 
motor. The floor reaction can be appropriately controlled without 
generating the interference. 
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AM 7 4 (CjSW-r 60 Sfe$2(Dlt$S8 2«RAM 
74* 6 ^©f i 3 ftfcHiBW £ h . § 

M«oiB*t&ia«c«iiWi*i(taLrD/AaBJMB8 6 
i if- - jj«t > -/^/r u r swfs ^igift-r s mm* - * «c 

[0 06 7 ] CCT, C©?Bfffl»fc£tfigHtM£fflT& 

B, *ffiIIBA#flir3E L td&ffit tewuzum b tcmm (W 

ffif8-2 1426 14) -Cfi&Bl,;fc5£»tcS£5 ) . 
[0 06 8] r*£gj B. P#* H?KfcW5- *fc£fl 
&5£*£»ttD. a««ifr^*~>£J*5c^£->£ 
^bttfct©*mt4fl*rfi!fflT4. fib, J*J5?J 
;•?£->£ 0TB, PRB rZMPflBfr/dWJ tl,^«fc 

e>K, ap^t»«r*o-cfc^. •£©&*. saw* 

[0 06 9 ] ^WKC«. I0#f*o»5. InWcft 
ffl-r4flcS**»na¥fl!i£*£C>5 (n : Ufcii 
2 0 OTISIG) . ^*PKfPffl-r&«S**^lSU)tfc© 

[0 07 0] jaTJ6RS*ttf^ffl^i-ec{C3&>*>*^ji^ 

©*-y> hfcioris^^n, pi— ©s¥j*5^j(c*j- 
i&ittts ^ ^ (Dfm-z m < ^ > h 0 -c*«off 

*JS!Bffll*L/fcaiE'S'*«fW 3 P6 - 7 9 6 5 

[0 07 1 ] PJ«(C, ^flcS*»f^fflMi4*CK:*»36>S 
*<!;^j©^e-^> hicj:-r>-c*^sn, PI— ©^*Jg^J 

tt, S8itt«iSto t 3©^ ; ?:l^<- : e-^>h^* 3 o^* 
[0 07 2] ^flsS*©B«iB*B«^flcS*£«i>5. 
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Bc5#*'CM£tt. &KZMPK— -So 
[0 07 3 ]^ &*frtCjteftfcJ:5fC % aSZMP (Ze 
ro Moment Point ) «:&©.£ 5 K^StlS. BP^, @ 
MMS!j^ ir - >5c J: -p rjS*-r •S'Btt^j t MtKD-&*j& 

fO**SSZMP (Zero Moment Point) 41^5,, S« 
ZMPB, ^©SK^ffiJ^^O-Cft^RSO. -« 

[0074] &JE¥a^©B«fi4B««Ja¥*K# 
fflU B«£*a&4tt»!t9> Saw** 

[0 07 5 ] CCT, CCD^HJCDPgiCcoliril^-ra 

[0 0 7 6] ^©nm^^wiH 0 icm~rw$i~cmw 
4 > mi s.mtifitp t cc^jbi o&a> -o inikkiitim 

SPtt, C©*-^> l-fcOGcOctS 4Jgi;g*£B4 3 30 
(c^TJ: 5 fc|5|i& 

[0 07 7] 0*>0fc#6. a#©HRtC«fcoT:. Kfl 
4 ftgas j$ < & 5©t\ H 1 S¥^JS^©I8 

8ZMP) **3»jfi«*^asR**-y>h 

[0 078] t^t. Sm^^^T^flJfflHCj:^ 

4, Btt^HsS^tpit^ (gIZMP) *to0©H^fl5 

[0 07 9 ] *n*Rfih-r or. WW 
3 > -7 7 -C T> xffHj®! 4 JB*3 > A T > XMffl©M 



10-277969 

14 

[0080] * fc, 043 ic^-rt^arK, ^ 1 
sosor^smtss^or^fcj^j:?) fca«)fS£f&© 
r, SlifiW. g##sgJ:D*>o*3££_Ltf£-<£ 

[0 0 8 1 ] «±©J:^K. sir3>7 - 7-Yr>x*iJii) 

BJ£T©J(fJfcS©»Wa9tt^«*^I^Kt3^*W* 

[0 08 2 ] g£-?r. jgJ6©0SSfc#sSiai{c*st,>r 
tt. »S5»»a # » h ccf^ffl-r &j*£tj, «fc 9 iWttWe 
ttv BS^fleS**^* *> <0 ©H^*S*^- ^ > h 
4, B^a¥J5RS*tt'^**>0©l5ftS¥SSS** 

[0 08 3 ] *fc. -eti«:«tor^««ft5fa*)-?>«*4 
Mfa!p*; h*£fT*«3-esj:SK:ofc. 

[0084]S4tl C©3»©J&«K«*iiSa£!frO 
^ h ©fiJfPilg ( ^ 4 0 r m 3 ©m 1 ©iSS^g 8 0 

«T> H4^#RSOrc©^S©^f*«^; ; &mi5i 

[0 08 5] CO!«aB*&«*fiSS*«A. *&S*fiSS 

«g«^s**fSo. mt>-rz>. Btra©^ 

«©ii«3, Bfiatt^^->4aS*5*^^->, cfc 

a«^jS^*'C\* (aszMP) siiifcj; 

[0 08 6] C©SBW©JI5««C4Bt»r*S*JiRS36SHi* 

■r4s*^aag*«. asatb^-^-xcstorsti*^ 
aaz mp cc-^-r^. 

[0 08 7] H5tcajKv h 1 3&s^***fT-rS4»© 
g«3Btt/-«4»->©— W*^-. ChK)PfJt.tl)SlZ 

MP«ias©flcffl±iiWp*ig6{c. ^-YA-^+-h^B 

7(c^-r o C©*«©)HB|{C6R{cSaifcOA:*a©ja¥ 

^S*liJSS©«MBIt*5fetc!WROfc1«i¥8 - 2 1 4 
2 6 i-^&ci£ffltcM^6ftr(,>£©r, cnJ^±©i^Bj 

[0 08 8] 04©SiWcM-S.4. C©4§gi*@SJ*JS 
<b& (itZMP) 4@SS^ig-^» ; &^A*<!: 

o, ssss^^s^cp^^^ortti^-r-So mm 



(9) 
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*=> o . isec-e * & & £ ) fc zcomn h &mm o r k & 

[0 08 9] H5«C^*<fc5tt#SK:*fOT. a«KS 

aim 2 ja^aaE* = am^s* * ( smm i s^js^cvsi as z m 



[oo9o] cn^*fr*»s-r&s«» i 

fi!8. C(D0-C«Slr (MP 18, 2 0 R ( L) ) *>6£ 

w-2 2 r ( D *<>®sraig&ejKA& L. n i k^-t 

©IE©|6lt 

[oogi] aaaas^Ksi*. ik, ftwciis> 

¥*JS^J(*> «fc«#3 2&£©fcfr#ffi«©fc«&K:tft 
[0 09 2] ^3C*ffli>r±iB©J: 5 KtS^^fcBt 
a«#S¥«S*©^*«aS^JS*{c-gtL-5: 
[0 09 3] 



[0094] c©j: 5 «c#a&a»&fi¥j£K#ttaaft 
iat-r^s. isj. ±K©l¥*Btt#ti«L\#Bflia«*i/fc 

(*fHI¥6 - 7 9 6 5 7-Sf ) (CiB»3ttTt»S. 

[0095] m4<Dmmtmz> t , ccommmm^ 

<, L r i £ £c i'ftttfgjET S^fe^ > F a - 
5«c J; -C*M«p^{4^atIH«P^(i(c^^(cii^$ # 

[0096] p#? KDmmzmmtmc&mtzaztc 
mat. u#v h^m^b^HLm-mmncmTcSii^tc 

[0 09 7 ]^ WR&Mvtfv f©s«#!8w*k2j 

«» b*b**«k#£wu 5>5(c^/ca«zMP©^ 

**&©J:5«:l£3lur*>&(,». HP*. aH«S&^£- 

a*i6**bhc3R«>, ^ft#«a±©&3*icfwr-5 
*©jS*3fc«>rB#ZMP«frs«fc9{cL'rta so 



[0098HU PzK* F 1 ^KfrCJ&ot, ^ 
»»3 2*j«fctfJSJ^f^3 4©fcfc>*fc<fcoT£CS 
[0 09 9] ■=&— F 1 ) B«£JEfcJK#*'lX"£ (BIZM 

p) *ifi^iuyt«a#*fooiiiK (apt. 

*-F2) ai5^J*JS*^C\* (BtZMP) 4Wt 
*-K3) B«^6lcS*<fi*jS (agZMP) ^tfJ^i 

F4> wmmmtmti 
-=&-F5) ^&w#s&^n 

*- F6) ±T¥fT««tt8n 

[0 10 0] C©rtr. *-F4i*-F5 5* > S¥© 
Kfatilt 3 2 ct 3 4 4«i«2fe&&|D|0^|f 

i » j: a KiMW S ©-e . c ©mn ii@&r >PU < . 
[0 1 0 1 ] ^«3 4iilK©F l 3 > *-F3i*-F6B: 

c©^Hj(ciaji©MS ; £WL'^^©'c, c©n»fi©^fii 

*»J:a s aj!W**2©SSllKWBMlT{3:*- F 1 F 



Cio) 
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mmmm^- f 3 tcft-rmmzn . 

[0102] F 1 *fflW? Sfe*©»ff*«4. fflHX 

^flcJs*©waM* (x«) rj&#r& 

©£*« (Y«) Kfto<!)*-^> Hfc#T?*S. fig-, 
#£^ffc&ra*-^>FJ£#tett£^ft(mi». fife 
?»ffli»5:i,>©-eotfti,>. 10 

[0 1 0 3 ] ffi. «»»&©je»cfi£5. fflffltg 

md ffih<izmm±m&.jjtp'b& mmzup) 2 to* 

Mdmdx = - Kthxtferrx - Kwx (d0errx 
Mdmdy = - Kthy<9 erry - Kwy Cd0 erry 

CCT, Kthx, Kthy, Kwx^ffKwylt 

[0105] ajarrs«^3>^7^T>^sMm5ew 
«> a*^a5^t»flt*flc^©^^{c^^f(cs^* 20 

[0106] H4©^(CRSi, COftgWH-S-S 5 ? 
4 4 tc J: -,T*&S¥*JStti (-e©-£^H£J* 

mstiiseai (**t»a^fiitfs^) jcas-s*. ±mc 
-en(cj;-,r6fi^-fe>-9-44©^mfii^ffis^ 

[0107] ccoiswioiKv vmn^^fr CM** 

6>£^M^ssTO^te£#ffl-rSo ccDimww^»«: 
-e&&*§^fctt, ^Masses*— 

[0108] C©g|««D»«rt?tt3l!**vf-^ 

©Siiejewecjfcft'tteS. ^(c±{*fig • mmt&W- 
fc, IP ft. n*"? h«ffJ^*^H4. a*§±#&g-« 40 

KfMtiK) £A?JU -en5^6 1 2iB©l»ffi 
(1 OR (L) &£') ©Hffi£&%£ (ft) fcHtWr 

[0109] c««iH3Efl[3>ho-7 (ffriaL/fcH 

2©ISgl8 2(C|5lC) ^{43>ho-5 

rffmsn/cfflgB^fg^ (fit) *BtMB£lyrn#» 
F 1 © 1 2ffl©W»©*&*SfieiWjrrs. 50 
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9©ffi«±JfcK:fr : e--^> FMdmd) £0 5. i5(C 

±# ft* z #(c £ o , mi jET©amirF©j*H±©^ 

5fc©£TSo Sfc. Mdmd©X^Mdmdx, 
Y^Mdmdy, ZJ&fr^M d m d z £ia»-r5o 

£4) 0err ©X)£#£ 6> errx, YJj5#£0 err* Cft6 
©H^Fb1^£H8£ (d0 errx / dt), (jdd erry / dt)il2^ 

[0104] Mdmdxfci^Mdmdyii, 

/ dt) 
/ dt) 

• • -5£2 

[0 110] CC«aBlWBlfc^3>^^T>^«lf¥ 

©2 o©g5)c?r«s$-ti j: ^ i . g«s¥fig • mm®. 

[0111]i*l) OiK? F©f£§ • <£§fflm<Dtc#> 

Kt) rt-^yhMdmd) £ @«^S*©^*Kil 
fi£$-t±5o ntf?- ? F©t8IMSS;KW*iWfflLfc^»£fc 
». g«^HsR**i&jS* t> J) ©H^J*^*¥^|nl * 
> FJiS^Ktf SlSfll^fRS^*- y>FMdmd(C 

[01 121S*2) SS^F©«ite14*5t«'r-5fc* 
K. t?# hifiiS *) B«ftjaJWRE»*'&ja* to 0 ©US 

[0113m, Ms-rsi, a«t*i^0Rj5**a« 

JS^fRE^'&Mi* to «3 ©j|#S¥^JS^*-^ > F % 
[0 114] ±^i«iL/tIl 07B-^t-h 

[oi is] ^-rs i otcfeisraai^tiWMfcu. s 1 
2^srs l 4iC3i^. *-f^»9j&**f3f«-r-5. * 

-rvS«0jA^«5 0m s C"£5c^c3n. EP^, »Jfflil»3 
tt5 Omstftl, 

[0116] il,^S 1 6tc^-C^g©^f)#to«) 
ft&£#W:S2 2(Cjttf£^(C v #^$n-S£^5*S 1 

8(C3t^^^vt*-<^v+ S20i^ca^ 

^y-^E*, mM'-t^jt-ZtlKlxtl'^J-Z (ZM 
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[0117] iK^-C S 2 2 &Cjt#, g*Jftg<Z>Itl$tf « 

¥fia-sa*. 4B«fcota*zMPfirB*»^fli«3ns. 

[0118] «1>T S 2 4 K^rBS&JMKK*'*' 
J:5K:ff^. *f*W(c« v H8*j«tO*H9ic^-rJ;^ 10 

[ o i i 9 ] t*t»r s 2 e «c»/*,T?g#&sJWRK#* 

3„ c ft«g^K##ffig©iBiJB-Cj!B~tt:5S; l * 
ffl^ta *HSS¥J*K;>j £ c i rtf 5 . 

[0120] m^X S 2 8 (Cjt#. Hff8EL/fc^4-fe>-^ 
60ft i'OtlW]*S±ft2 4 ©M£f& i'O^f H ©t£ 

[0121] 8St»r S 3 0 (Cit*. P*'') F 1 ©W1& 

(g«ZMP) SfeO©) IS«^«S**-^> hMd 

lotiiM^t-^Ol-Mdmdx, Mdmdy 

satires. 

[ 0 1 2 2 ] iut s 3 2 Jc»/^T3£&je¥J*5#*tt 

[0 1 2 3 ] M^r s 3 4 Kit*, siatft e d b v 
fccto'g-s^Mmfte nx (y> zmmrz. cnu. 30 
Mia ofca^a > ^ 4 r >xw&vmmr s mtc 

[0124] f©1^3>77 ^T>^»fPSB£»©ff 

is^xmi KC^-TJ:^icmiS¥2 2R (L) <fcfll2 
S?2 2L (R) {cSeSSiHRS^^fflUri^ttiSa 

[0 12 5] CCWhAFnac t «lg n J£¥JS*J5 

^3©*—y > hfS^*^". hlMn a c t ©ft* 40 

[0126] C©BHB©B«^0RS*«. 13 1 2 iC^f 

(itlZMP) CC*waB*£]*R;*j*-y>F- 
<?h;l-MsumrefttlI-C*§ g 
iZMPtt B«£J3cK2j*-^ > h ©*¥:#ftK*#;W 0 

[0127] cn£5£ 1 tcft-o Tg««J&¥J«Efc«ca> 

ae-r-si, lai 3 wi^-r piiKfct,^, ^ so 
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"T, hJUMn r e f «B«!&nja¥JfcR#©*-j>f 
> f-J&fr^ril-ro ^hMnre f ©ft £ ©*?!«:> 
Mn a c t i|aHir'*-S 0 

[0128] ^©/c*. ±mm»tc»6(cmM'> 

[0129] MxE©§gf^S{tiW3BlS5»SI5-C«> P*? 
h 1 ©±£MS$4M^&ffifii0 e r r x, 9er r y(C« 

(vrnkmrnx mssM < z w ) £ t> d © * t > &W& 

L-ftl^©-C, ffi®±mm3l*- * > hMd m d ©ifiitttt 

flfc^BaEfc*- ^ > h ©*JSS»fc o t?* s . c ©tfc«(c 
*HtS-r**WR^*5**-^>hMdmd*Ell 4(c^ 
-To 

[0130] sa&*a7cs**fc«>K». BW^flas^j 
ifr&jSi (SIZMP) £t><o<Dn±mm.t>*:-j>h<D 

StMfi^t-^OhMs umrefi 
*Ml£fleK2J* -^>hMdmd ©ffl©*¥J3S#«ciIfi£ 

[0131] B«^J*E»tp^ (iSZMP) 

-C«gffi^mS^*"^> hMsumre f ©*¥7}ft 

■ttSfca&fctt. asz MP ^ t» ?) OHMS**-^ > 
h©7k¥^*. Mdmd©7k¥^5CiiffiS-t±ntf^ 

[0132] C©Hii©Jf^iC*oTtt1t^-3>-7*7>f 

mm±mm.jjtp>ij>& (aszMP) %w<Dm±fim.t> 

*-y>K0*3F*lSl (X, Y«#ft) ttflt± 
ffcg;^ - ^>hMdmd ©7j<¥#ft 3 # 

s*2) s^©®itett*5S«-rsfcfcfc, -ess** 

M > h©ffe*fffi£^3 < 

[0133] riu irj&oao. ^*i ) ii*2) 

[0134] £¥©&§ • «^©{iSiE«. C©H»©?f$ 

1 ) a«m 1 S¥J*&#^£w£Q 1 £ SS» 2 S¥«JS 
**'Cv*Q 2 «r^*. ^OTK¥Di£ffiieft¥B©ffi«^ 

[0135] 2 ) 1 fi¥*S**'t^Q 1 ©JS« 

g*^flcS*<t>^ (liZMP) fcHRtp'Mcffi 
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W 2 fi¥J*E*J WmSQ 2 ©& @tl^J*M**'^ 

* (BIZMP) *@R*'&«cffi«^*h;l/V*tot)K: 
M&ftdd b vttWBIBBWrS. Q 
2' i-rs. 

[0136] CO@«ft0 db v*P5IWi«ftit>9. 
1 . &j£#tQ 1 ' ©^ Yfr&^f b)lQ 1 Q 

r t-rs. FifiKc. ^Q2, ^**5Q2' ©^ 

Vfr*-*-? h;l'Q2Q2" if*. 13 1 6CCQ1' iQ 

2' £^-r„ 

[0137] 3 ) g«g 1 '<gm\m.iCf\t'<-Z 10 

hJUQ 1 Q 1 • aa*¥frBWF (K«_hT^«i) 3i+5o 

Q2* fcwwmnz^z. ®m&<Dmm&£.¥-*mi 
6 tc±^r^-r 0 

[0138] 4 ) ^K. a«S» 1 S¥£Q 1 ' 
ft* (Y«t) SfeOKiaiEfce 1 yfc*»I«S*4. PI 

a«c v ss»2s^4s«®2s^Q2' ttfiiwctr 

(YW) **>O«:ilKft0 2yA:WiaRS , ttS. 20 
0nx, eny^tl^fnSfXifift, Hn£¥ 

Y»«fl£<,>5. Hisaoaasa^ftH 1 7 tenure 

[0139] #±©»fltt&fl«#3a*r&tt*ifc*, if Ms 
ffittfW&fcfcStooTfc. StfriRW <JSl£iB©JEE&#iE© 
mM) tt£*>6tel>. £©<!:$&*&£«:«. li««b^S 
tcttW L TSJSW: g# £ tofc fcHaftM* 3 2 *>£jKMfe 

# 3 4 & £ b . SSB»c IB C fc£&£¥0cE## 

£*-53EffcK#©£ffc«i©IHl©W«K. ^TCCthTM 30 

[ 0 1 4 0 ] #tt 1 ) mmmmn edb v^wtuftu 

Sj'frCM&S to*) ©J^S-JS^J^Jg**- ^ > h «, IS£A 
[0141] #142 ) Sn£¥Xi«ft/cW«Ot 

tf^tcfpffl-r n a^jg^j©* - ^ > h ©x «s 40 

> h OYf&frtZ VWmt b . ^ ©ffe©J5R5#jfc»ra2l> 0 

[0 142] #tt3) ffi«i««edb v, &S¥X« 
fllft*»J:c«&JS¥YlfflW*BIl^tc»ft'*-Si. ^Sfi 

^b*©fil}C&-5. 
[0143]#ttl *3J:D £ #t42 tt, Cfti&©»fPK:tt 50 
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ft ab & c t &m b X t, > £ £ S tL & o 
[0 144] 01 SttStea^T^-fT^XttffcSSeW 

©«**»«■*-*. 

[0 145] fHft-rSi. Ii«^»g**-y> h^E 
SKfc^tifi^Rg**-^ > hM d m d ©^BB^tf 

> h & £'#> 6 . BWfflfltft^3£8I5*J i CHU n S¥X 

(y) mmw&mmcis^xmmvmfcfte d b v*?.* 
D-'etnx (y) &8srrs„ 

[0146] ^3Wi:SiilSft(i:l-5^tfi 

*S^Sl$tlS«tom»3 2^JSJ£5¥ft#3 4©^S% 

[0147] «T»*-r44. «HR^J6RR**-^> h 

Ht-^^hMdmddb. ^ > hM d 

mdlx, y, Mdmd2x, y{C^-B2-TS, MMffl-R 
t-^>FMdmddbtt, HJWAfitA (S¥±TM) 
0 d b v ZimttZ Ctic^-^X @W&5fcK274>'Cw£ 
(@#ZMP) SJtoOtcSJS^flcS*©*)®^^** 
-^>h©S«fiit:*>-5o 

[0148] HMdmd d b©V^[S] 

SfcOOlSMMdmddbvilKn. f^l, •^d' h 

;u v 3>77-f7 > zmmvsgwmwcfcm b 

^ h^^-Ui-rSi. MWIi«*-^> hMdmd d 
b©U^[6j^Mdmdd buW05cK^$n-2>„ l^W 

[0149] z<DmM<DMmx?affim£m&t}*~-j > 

hMdmd©SSit^Ini)jg^0i ,u 5 c©-C\ Mdmddb© 
^e^^M dmddbz^O ic^S fiS. 
[0 15 0] SlfifUMI^-y^hMdmd 1 tt, ^ 
lS¥«{tft6> 1 x, fllySftfWSCitCt-jtl 

aw i ja^flas** *^*too Ki^j-sfci,^-^ > 

hr*^>„ ^lS¥li*^-^> hMdmd 1©XJ«» 
4Mdmd 1 x, YM^Mdmd 1 y ifBMT -So ^ 
2£fi«%-^>hMdmd2(t ^2S¥-li««0 
2x. 6> 2 y*»fff *CitC«fcorB«i»2ja¥fl!S 
* to 0 tc«£ S -J+ytl > h -C * & „ SS2 

> h M d m d 2 OX^4M d m d 2 
x. Y)S^*Mdmd2y£ia^-r4„ 
[0151] ^S5«, W*.fcfifc©<fc5K:ff 9. 
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Mdmddbv - Wdbx * Mdndx + Wdby * Mchidy 

Mchidlx = Wlx * (Mdmdx - Wint * Vx * Mdmdcfcv) 

Mindly = Wly * (Mdmdy - Wint * Vy * Mdmddbv) 

Mchid2x = W2x * (Mdmdx - Wint * Vx * Mdmddbv) 

MchicGy = W2y * (Mdmdy - Wint * Vy * Mdmddbv) 
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5S3 



5$4 



10 



[0 152] CCC, Wdbx, Wdby, Wlx, W 
1 y , W2 x, W2 yte£ZW i n t 

Vxii-^ F ;U V©XJjS#©R Vytt-^i'hJU 

m.n *»f^r* citaot^i tc±mKts^ - * > 

[01533S3 i*4©«l|t«ia*tf ^*f«±ms^j 

[0154] 4&tTlfiJ©»Effl»*Se»Wd b x, Wd b 
y, Wlx, Wly, W2x, W2 y*5,=tc>"W i n t © 
t^«I2 0K^t„ 02 0 &T©& 

[0155] at,* i ) mmmmn t &&mmm^ 
stable, ■5mmmfrmk\zmmmtmtzi£z> a 

[0156] ft*52 ) PiinifltA43j:cf«jeW«RA* 

Mdmddbv*Vx + Mdmdlx + Mdmd2x = Mdmdx 
M*iddbv*Vy + Mdmdly + Mdmd2y = Mchidy 



Karaite. ^sffis*sa»*itee-rs. 

[0157] C©I£S. JtAlH^^tf i'tRSMCfE D T 
dbv. SS^tB«*-^> hMdmd 1 , Mdmd2 

[0158] c©«ai-c«s«^JS**^ (g«z 

MMR^CRS**- ^ > Hvl d m d 

20 — i£§tf-£to*>tc. (bh%, ta!©t^3 > ^ r > 
i 6 ©prat * & *< < ffifc-r s ct 5 ccs^ saastr ^ 

[0159] 



5S5 



S6 



[0 160] CftfC5$3, jSH^ftATTSi. 5£5«:3£*30*7K. SC6 W5S8 JCgSft3ift.&. 

(Wdbx * Mdmdx + Wdby * Mdmdy) *Vx + Wlx * (Mdmdx - Wint * Vx * (Wdbx * 
Mdmdx + Wdby * Mchidy)) + W2x * (Mchidx - Wint * Vx * (Wdbx * Mdmdx + 
Wdby * Mdmdy) )= Mdmdx 

• • -5S7 

(Wdbx * Mdmdx + Wdby * Mdmdy)*Vy + Wly * (Mchidy - Wint * Vy * (Wdbx * 
Mchidx + Wcfey * Mchidy)) + W2y * (Mdndy - Wint * Vy * (Wdbx * Mdmdx + 
Wdby * Mdmdy)) = Mdmdy 

• • 

[0161] MdmdxiMdmdy*Sffif©i4I-3 *5£l 0. fci^Sl 1 ZftWcmStrtMBm. 
Xi>. S7 <bS;8*SfI^e«J(CfSiE-r€.fcd6iC«, 5^9 , *40 



Wint = 1 
Wlx + W2x =1 
Wly + W2y =1 

[0 16 2] ^tf^f-CttMdmd db v^BlKltl 

d b v*»ftLTJ&¥©fifcB**fcEbT<i>. 
§k&*3xt)*:-~ * > h ©3&£S#SM d m d d b v (C$£^ 



50 



• • -S9 

• • -SI 0 

• • -351 1 

^fttsHSBTtt. 0 d b vic^oTfgijg^GzS^T 
[0 16 3]pJ#(C v Mdmd 2^S«tCO-C^2S¥ 
JScS**- ^ > h (OmmmMM d m d 2 (C^r ^Hf 

m«. a 2 2 ©.«fc 5 {cmada#w©a 



(14) 
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[0 16 4] S£-?r> 5£5> S6 4«a-rSJ:9tcS» 

dmdtc|B*»a £. C©«£ <b#t£D-5 
nJtBttJ&SiSt^iSirtJ. 5£5 % 5£6 ©S2©ffi£ 1 J; 0 
*tf <T"<£r&£„ 
[0165] *ff^©^Effl3t*3BBdBBE«-tr*Sig2 
0r«, Wi n t£0CC83g-f SCiKJCoT. 12 1 
©«&© <fc 5 ic, 0 dbv SlffiLtiH^S io 

[0166] JJffl^fcC iK, 02 1 ©J; 5 icf^ffi^?, 
<44©t 1 02£q^|fltft*»f|^SC£{cj:-?T3<£ 

[0167] &fab-C^&l,!>£#(CttWW$ji«ft 
6i d b v*j*fp-T4C4«:J:-5|^eiag^*-^> b#s 
^■T€»*5. 2 £¥©#>#> £#«it®iftO&l^©r\ 20 

i £ K #«a&tc»*»-i\ &fi¥*Mtf*3&s 

[oi69] KKKi-jtB, mmmmpite 30 

tt«ft*a^Sc£fc«fcor»£*S^J5£&*-^ 
> b (Wl^ifit^KEfjt- y>hMdmdJ:«3€>A 

[0 17 0] LfrU C©i&£r*K MdmdJ&3C©SI 
*©»*© J: 5 «cS5!£R5£ffc©A:«>©:7 -f - f ^J* 

Mdmd©At3^>l-7t^^, — AKffftcfW 
8P3fitc#^.sci'C&^3js > WW*© ^-y'>)i~y'-t/ 

£^^:b»=>£cl,>#>i=>r*-5 0 40 

[0171] sx&3 ) Jtw33#*!r». nmmmnm 

CD»Effla:*gBBre*4Wd b x, Wd b y©Jfe*fiii£ 
[0172] 4 ) £¥©&tffrK£*«-r3fcg> 

*©S^P©J£^1i«ftS:l(l^L.rfe > -e©S¥©3^S¥ 50 
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jEfcJK2j«^ftG&<r>©-e > ^&j&#*3i£&i>fc#>K: 

t>, *©JS¥©fi¥»^©fc*©#IM#SE»©» 

[0173] ffifcg 5 ) WJBHB«ft**fPT*c iKJ: 
orW»-C#*S^fl5R**-^>h©^riSi<b. 

> b <DttMmi%m%: a. 

[0174] m«> MJWM «ft 6> d b v fcaffTS C 
iK «fcr>r«*TS*^fRS**-^ > h©|fiJ*l*^T 

[0175] -5*^©i » isfcttWttMpiP 

t*. c©#tt^#ait, & * < < mmmmn 
[oi76] mMmLftzmttzic&cDftm 

IWd b x, Wdby(JX©J:5tC'(^t5. 

[0177] XWWd b x, YfiSSWWd b y, Z 
JjfcftftsO©'^ bMWd b£T-5£. 3 i» b 
WdbiMdmdOrtSiKftotl,^. lot, Mdm 
d£^ h>UWdb:#faJ$#£*©i&3^#{C#jl?U 
^^F^Wdb^MW^Ut, ^^h;UWd 
b©A*3 ; &*Dfc^©^. 5^3iCj;or*Jit)e>n?>M 
dmddb vtili £H"x.-2> 0 

[0 17 8] C©l^©Mdmddbv^I2 3tC^ 

S7J*-^> b©Wd b^[fil^*fWTS7 -/ - 

» f«HBBRs*j!atr s c i % wdbj 

»fp t^flcS** - ^ > b ©W d b -fiMftteft 

£l&i»*>&, c©7 ^ - F^* v fnmmiztctcimm 
mmmmn zmt? & tm tea z . 

[0179] 86 or. 
Wd b^lfil^tJ' b^V^lfiJCC— SSCS-SS*. 

s^<ifi-5»*^*rfts. sic mw&fcmjs*:--* 

>bMdmd©Wdb*|aj^4. SS¥1«^ft{cffiP> 

wd bivffl^ i cc&& <t ^ tciwe^-s. — §R4§ 

j; o < a 4 J: ^ ccRse-rs. 
[0180] tc^>r\ S^PcSlB^^t-^^-fcti. S 

ms^^e - ^ > b © x ftfea- w/Jn 3<«:s. c (om^ic 

Wdbx^feKtStS. Wdb^lnli^^b 

[0181] liMHSflwi^jeaiiK^^rKKWSi-ri 
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20 



r-^O, iSSWti«^0 db v«H^cD^a<?S#sn^o 
[0 1 8 2] H2 4*#J8lOr»Wr*i. 
^WSK^toSQ 1 KfBflTSF 1 a c t £@*»2fi* 

Mflf2act = PQl*Flact + PQ2*F2act 
CCt, PQ1 tite*** p , J&gj&JQ 1 d» h ^. P 
Q2(S^P, $&jS*SQ2©-^^ h;Ut?*5„ * 

Mflf2act = PCfL*Flact + PQ2*F2act+ MLact+ M2act 

hMn a c t ^Uttf SStOSot^ 

sn^s^t - ^ > h h . saiss^flsKa 
©«caorc>4. i»3i»i4Ji©e*B*> cn(cs-3<„ ★ 

Mflf2actv = Mflf2act • V 

[0186] Mf 1 f 2 a c t v4d-^7 

JU^iCjiUrM f lf2actvf i It £»-5. 

[0187] ^fC> fi»i«t-^> f V^IoIRfe^M d 
md d b v*-1ftStffl7 ^WKil, -eft*. M f 1 f 
2 a c t v f i 1 t*>6«C. {iS^r-^ > h- V#[6jJ& 
^Md i f f vZUZ. 

[0 188]^. ffim.m-3 -ffrtHX. Mdmddbv* 

tt*5JC#T-5*>©-C*-S.o 

[0189] &tc, S¥tffc»Rtt<ir©^K:J:£WW 

6 ffdbv = - a *Mdmddbv 
C C T* a «HIT^©^-C*-S„ 

[0192] *«(c*sc{c J: -oxmrnrnmn e d b v *♦ 

0 dbv = Kdb * Mdiffv+ 6 ffdbv 

[0193] mn&¥-im.ftm£fflc~D\ t >xmi~rz 
t . h 2 5 «^©tfj©^ i js¥x*Mwt^w©aiJM& 

14*t^a 9 i>0-C4> 9 , Iff 1 £¥Xli«£i eixtt 

ilflly, JS2S¥X««ft0 2x, S&2fi¥Y*B« 
ft8 2yiH8K*bS. CCTi5SlS¥Xifllft0 

[0194] ^lS¥J*S**-^> h-XJ&^M 1 a c 
t x*a~/-<?.y j ;i/^tcaurMl a c t f i ltx 
ilSflHR^E-^OhX^Mdmdlx* 

n^ccau -en*, m 1 a c t f i 1 1 x 

*6*C. ffiM*=-~J> HMd i f f 1 x*#S. SW 
»«ft8H£4BI«. Mfiffl^-fiWI^ Mdmdlx* 

6 fflx= - alx*Mdmddbv 

[0198] «tfttc*a;«:«to'r*ijaTx»«ft0 1 * 

6> lx = Klx * Mdifflx+ 0 fflx 
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I * ^ffcfcfttp'b&Q 2 F2ac tis, @«^J* 

J^ifr&£P©*:b9K:#6£Stf3*--^> hMf 1 f 
2act4, #5«cJ:9:#:a?>S„ 
[0183] 

• • -Si 2 

* [0184] Si 2©Rto«jcc. 9c*&m»rt> 
• • -SJl2a 

★ [0185] #tc s M f 1 f 2 a c t ©^ WUV^Ip] 
10 ^Mf 1 f 2 a c t v^ifflf 5. CWi, FA 

So 



[0190] JW*««:t4. WPW§fl*fc-y > h V^frJS 
Mdmdd b vifff i©MI^ti«3>77 

t SUM 2 fiTBsRfc'fr'&jSQ 2 *tefti«a-©3SfcftK 
£5jc&, •€-n©ffitt*SIKLfc*>©*ia|lW««BE}effifll 
ftflf fdb vi-TtlliS^. 

[0191] mmmmmmfcft effdbvtt, £<k 



40 



• • 'SI 4 

iE©ffi(;cSST-So 

• • • SI 5 

%m&tt%m-?tc&<Dm 1 s.^xm»mmm.n e 1 1 
[ o i g 6 ] M&mat. i hv# 

IfiW&a-Mdmd 1 x£SBB*£©W«**«-«M*=i>:7 

*ft©flitt&J5teLfcfc©£SI 1 J£¥X«#^Mi«fc 
(9 f f 1 xitWffil*. 

[ 0 1 9 7 ] m 1 JS¥X*»gBtMlMtft flfflxtt. 



as, C 



• • • SI 6 

flfciE©fii(Ci$^-r€»„ 

• • -SI 7 
[0 1 9 9 ] m 1 8{CRor«i?|*«»*i. 

so ja^ffiB • ^#m§i5», mwm«^ 6» d b v. mi& 
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y-xm&ne 1 x> mi&w-Ymame 1 y, m2&w- 

as • %8»«9«. 

[0 2 0 0] tMBBgSfftHffiB. B«»fi¥«S*«c 
J: o r#6£#^g § ft 5. *a««t 3 2 ^»jffle»ft«c 3 4 
©^S£*fc€>„ 

[0 20 1] M«^»ti«A«3«iEa«S¥fifg • 

#msnfc«a^M*jT%t»-rj;^ic, ft io 

[0 20 2] % 026 iCnk-T <£ 5 tt«HI£fl«#i 

a • s^tt. a 2 7 ic^rnxm-nsm • mmimiEzti 

*mm2>*9!rtX&Ml,1ttZ<D&m • H2 6 

20 

[0 2 0 3 ] flMf@E^MHK«. I£to1i«3 2 ^JEJSSitt 

#3 4©^«:j:-oTSDSjis¥fia • se»©-rn* 

[0 2 0 4] JilS^HUffii bra 1 07O-'?t-F 

©^(cM-Si, iifta©fci<. s 3 4{ote<,>-r±fELfc 

[ o 2 o 5 ] m 2 8 »*©fss%*-r-9-^i'-?-> • 7 
a--?t-ht*5. 30 

[0 2 0 6] BH*#J»0rtt9M-*i, 5tTS 1 0 0 
(CfcHTiiMai/fc^ t-A-V£5|<#>, S 1 0 2itit/VC 

#EflM#sgR*H 2 o tc^-r j: 5 icisse t, , 3Sft^pgij 

fC©Ctl6©ffl***-5. §H>TS 1 0 5$ 
3 J: f>"5£ 4 «c J; o r *M^RS** - * > h M d m d 
*mmffifc*-~* > hMdmddbv i*ja?*«*- 
^> bMdmdnx (y) GCfl-ffiU S 1 0 6teitA/C 

%m<Dim< mmmm.n eabv sios tcjtA 

-C£S¥*l«aenx (y) = 
[0207] 1 0 7D- • ^t - FOS 3 6(C 40 

ffiu. s 3 8 KiiAr g«swia • mm*m»ft e d 

bv, 0nx (y) fcJSOTfclEU MKCn^ift 

[0208] s 4 o (cjt*. ±f*^a • mmt® 

(ffi) S4 2fC3tAt?*Kge^{it?r»ffi§n 

&H«S0ajB^ (fit) CC-9--jKSWffllU. S4 4JCiiX/C 
ISM* A t Mff 1/ . S 1 4 ICR -z> X ±§e©MJS£Sfi 0 jl 50 



10-277969 

30 

"To 

[0 20 9] C<Dmf&(D&mZ±.&<DiB< ffi!&btc<D 

x, crucjz^x. «j§-rntf» m&mBUivfflffl±m 

[0210] EP%, C©Mfe©ff2&itfS&=ga«> 5fcCt 

mmbtcmffi<,cttLxvi,T<D&*&.&Ltc. bp%> 

¥5-30 55 8 4#&«t?j|ISgUfcSir3>^'7-fr 
>X»tB, am* fcli£lOlt|fi& £©£¥tcll 

s$nfcjS{c*swsia*jg:*'t-y> h^fflu. ^ft 

¥flsS*(f^CC Jb tf - ^ > h 

[0211] C©*§m, S^flcS*il5SJE¥«S** 

ii i ^ £-^-r scift<. &m icmm-r z> c £ #rjiijb 

[0212] IKK, ^ hKfpffl-r-SJRS*. J: «5 
M#^(c{i gM^^ivi (SIZMP) * to 0 © 
^*Jg^*-^> h £ @«SSW4^Jl5tl ©*§ 

rss. fftw-rto«, 5fejc»eofcH»=i^^^r> 
[02 13]^^, ^mm^^M^mmta-fxtj: 

[0214] M^gPttn^? h©^*KS{bfiJtai 

fiWiiES-r S C £ j&s-C* s 0 
[02 15] ifc, ^H¥5 - 3 0 5 5 8 6#5«Bt?« 

m l ftmm 3 > rf? a t > ^ wfw-r »n^aas^ ( sjs 

flHSS*©^*) ©gMfR5*«\* (@«ZMP) 
*to«5© J 6-^> hJjfc&&tfctfiU -e-©fl(*SS$0^ffi 

«g^©F*3©*-^> h^^rl^^/cafea^^©^ 
^-^^h^iHL. *©ffl*a*L/^ffliC!&SJ:^(c 



31 



[0216] H2 9&C©»WK«-&W5*BH&tijff* h 

[02i7] mzvmfcvm&ic&tzmgttfflfflrf?* 

Zl = -il^PQl ©g3 *0 dbv 
Z2 = |&#PQ2 ©fi£ *6 dbv 

fib. CC-C, 6» db vfCWoU 5"C$ft6n^I^ 

S„ 10 
[ 0 2 1 8 ] ffi. -£©ffe©«j£tt. SI 1 ©**&©J®g£ 

[0219] S3 0i*c<»mitic%&m3M9b'a#v> h 

[0 22 0] »3©5Wt©^«MC*Jl»t:i4. H£J5fc57J 

y^jTyxmwzmmLtc. * 3 

tt, USB OfcZ to 0 HWHteJlKitciaig-r -SUSS 

w-fiimji - ^ > l- © z isMrr *> icb/c 

[0 22 1] »3©||jfe©fl58g(C£>->'rtt. -e©fcs5 

k. m©nj£©f£s!ic<£ s«g©«(£K: s t*»m 
[0222] H3 o zmmL-cmwr&t . W3 (omm 

©ff^(c^Sgg(cfc^rK5 l cT\ Ptf? h 1©±{£2 

4©5aa{4g{c3"U-h-fe>in o o*ta^s«t^ 30 
iitf a afeg • ^ • ttmmm i o 2 
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b» iietc^WcfSKfii, 02 g^-r^^c. 
iS«^rifii(cy£^«i3#s<fc5KLfc„ c©<h#. sni 
s^sse^r^swz 1 tm2f&smajttimmz 2 



• • -SCI 8 

[0223] aatig • • io2t*. m 

iczt? z^-mommmwmm tits*? a: owiarisRft * 
i^cc a-u-H2>ifi 0 0 ©fcttHB*8HM*s c 

[0 22 4] cneotSiKS-?*, tSFU 

u-^tefcoT, e«BK«:*f-r«iaiI«9 b l ©teg 

m%m£ k> 'ptz^mttnz><D-Q . fs^-fe>t»- 6 0 ©w^ 

[0 22 5] »3©^)fe©ff^Cf*S^g*H3 1 7 □ 

- • * + - h£#Muri&3)rf S10MS30 

$"CjtA,/cf£. S 3 0 atCfcOT, ft5£$tlfc0^f h 

1 ©figfe j: ov* fc«^[oi©-rntc*-3s . ^-©-f ti 

s5«^>-r £ «t 5 K. li«^«JS7J* - y > h © Z J$#M 
d m d z ^sRsb-S,, 

[0 226] (£TF. 032 {Cfn-nm&WQ-oXmiT Z> 
-M > h © Zj&frM dmdz £3jci6Sf|«fliJ £ OT>X5£ 



»H©Zttit>0O3-l/-F (HteftMK) 

Mdmdz = -KthzOerrz- Kwz (d6> errz / dt)- Khzh 

• • • j£l 9 

CC-C. eerrzltt^ftl, dflerrz/dt JK7J*-V > h ©£- ©|5&W£ifi;i. 

i«©NpiBi«»tf. hi33gss^e.©«iTnt*s„ ins 

iC0errz, h^-T„ ^©^©tKiireW:. 6> e r r z , 
hJilE-e&S,, Kthz, KwzfcMKhzli 40 

[0 22 7 ] miSBL//cSn< . h 1 *s*ff L"C^-5 

i . S^©«ft«l« 3 2 ^SJSSfttft; 3 4 ©ta on?* 

^fiTJ^JS^^e - ^ > h © Z j^ftVUHir*- -S = o^F 
[0 22 8] ±IBStt©S«i&s jfcfcK: ftii, HS¥flc 50 



-€-©K 



[0 229]^. ^(CZHib 0 HW@fe»Kl^}flISlJ-r 

fit) /cttfTfc e>ffl«^Jg*-t- ^ > h © Z fS55-M d m d 
z*^-rnifSi>„ BP%. iei 9tcfct,»r. KwzK 

[0 230] * tc, ^3©**6©^SSKfcl»T«. «^ 

^fi^jCCtt. H^J*J57Ji^S¥^S*©Zl|llSftf) 
*-^>Ka»**fp-i"4A:». S¥2 2R (L) ©{& 
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«§e»©<9EiEttf^*. m i (Dmmmm-eommcmz. 

[0 23 2] ^m&ti^^m^xDzn^K)^- 

m i (ommmmv^tcw.^ r>x»me 

aos¥) ittiEa«Sfi¥eit5*t>^jS (iieoo io 
1' , Q2' ) tc»or*©J:9«c»iE*ftiit*citc 

[0233] i ) miEmmm i a^flss**^ <h i 

60QT )®«S4. B«^m5*f¥ffl^[ (l«ZM 
P) £@lgtfi'(>CC, Zf*3S*D«3K. $>§ifift0dbz 
ftiWlBE^tt (rotete) gftLfc^OMQl" 

[0 2 3 4] HtiKtC. B«*2M¥l*cJ^*£v5 (H l 
6©Q2' ) ©JlH^. (SIZM 
P) *0IK<tM>fc:, ZWS*>0tc. *4@Rftedbz 20 
ftittlS^tt (rotete) T5„ #tfrl,fcf*©,££Q 2 " 

1- T*. CCDHfsfte* db Z*S*>9ffiffflJflUS 

[0 23 5 ] !&.£#SQ 1 ' #k&#Q 1" <D^S> 

j'f'Wr q i " tirs,, usstt, ^0 2" 

ASQ2" (D^P Y)\y^i> h;bQ2' Q2" itl,. H 

3 3 CC±^*>e,MfcQ 1 " iQ 2 " *^T„ 

[0236] 3 ) msEmmm 1 
ic, <i»hwr q i" ^w^ff^sfts-a-s. leWi 

2- Q2" ew^sjjtts. mm&<D<&]Emn&& 

¥?:13 3ttl^t. 
[0 2 3 7 ] 4 ) 3 ) t?#6ftfc«IEB»j» 1 J£ 

^Ql" **^{C, HtftAM (Zfi) *tot){CHIR 

#0 i z ft: Wats £-t*s. pi«(c, 3) -cnhtitcmt 

B«*2ja^*Q2" ftQK3rffltt <Z«) £ 

4 &c;fcsg-e^-r„ 

[0 23 8 ] J^±©««tWfi*s®*T&ttftWf. Wt* 40 
[ 0 2 3 9 ] #14 1 ) Z«* fc> 0 ffWffltft 6idbz/c 

[0 240 ] #142 ) inSfZfi«ft/clMifflt 

tfjSKfiui-r ssim n jb^mrk*;©* - ^ > h © z mj« so 
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SCO. 

[0241] #tt3 ) nmm&n e d b z > §H¥x« 
^&s^Y*«ft. zm^t>K>mmmmn e a b z 

e&oswhk*. ^n^ti^m^tcai^ l fc i I? ©^b 
«®w«c&* (8®-r*itf. aut5is^3&ipjiiB«:tts> . 

[0 24 2] #141 *iJ;^"#142«, cnfcOSRfBcS 
fitt3W*SCi%S%0. #143 tt£T©»ftK:«J0tfe&s 

[0 24 3] eU:©«ifttc*jW*Z#*t)»)IIIMSfflUI 
6dbz*jJ:tf«JS¥Z*Mtft*. M3>77-f7> 

[ o 2 4 4 ] 0 3 5 t,cm3 <omm<Dmm<Dm^ 
A7>x^a)m^y'^-ypm^T 0 n^©in<. •=&- 
^ > h z j$#fflflUM'B&£3 io4^iasnofc„ a 3 6 

h Zj£»»flWrf8fcEas 1 0 4©f$W£ 
[0 2 4 5] H3 6(C^-Tip< . C©ZJ&*HS«*-^ 

> r&^gn o 4icfc^r». mm.±mjx.t}*=-j^ h 

#E«©B;*7#»6. WIWSfll-t-^^hMdmddbO 
ZMMdmd b z ig^M^-jO MVldmd 1 
z, Mdmd2z^fl>i^C 1 £g&JE¥flcK#£ 
^ESnfcidt-y^hZ^ (Mdmddbz, M 
dmdnz)4»6, Z#St>DMW««H0 d b 
z, SlS¥Zlfft9 1 z*Jj:C«|l2JS¥ZlSfltfie 

3 4 a©MH(CtlST-£) . 

[0246] «6iES*ja¥fi«?e^niiwrtt. z«s 
[0247] «TfciiftWfflo»«e*ttM-r «. 

[0 24 8] 03 7£#MUT«*-£j*K* ; e--.y>f- 

IB^-Ct*, m&±mKt>*-S > h M d m d ©Z f&ftM 
dmdzl MW1S«*-^> hMdmd d b©ZRS^ 
Mdmddbz. 1 S¥li«*-^> hMdmd 1 © 
Z^Mdmdlz. SI2 > hMdm d 

2 © z mftM d m d 2 z , tc&mt & mmamm z n 

[0 249 ] ft. WWJf«*-y>h©ZJ&#Mdmd 

dbzit HJWffl«ft e d b z %tftffrs elector 

^JOM^Fn a c t *5fp£*-^ > h©ZfiStJ3-©a« 

1Br*^„ 

[0 2 5 0] ^lS¥ifit-ji>KOZ^M 
dmdlzB, mi g.¥Mm.ft 6 1 z *»fg-T £ C i K 
J: -a r g«ffr l JSTflcS^^jSato ») ic^^Hfc^ 

*-^>hZ^ (H3 4KMlT^t) ^fe^o |al« 
(C, f2S«It-^>hOZ^Mdmd2li, ^ 
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2jzw$mme 2 z*awi?s-sc£K:j:oTS**2S * 

Mdmddbz = VWbzX Mdmdz 
Mdmdlz =Wlz X Mdmdz 
Mdmd2z =W2z X Mdmdz 

CCT, Wdbz, Wlz. W2z»$lfWBffll * 

4. -e©^iefflS*^*ScWd b z , Wlz, 
W2z©g£M?:. |p]0©i95t-'-«#-> 
tt, OT©&t.^#Stl/t^3ti§„ 10 

[0252] i ) mmmmn±6j&mmn*s* 

[0 2 5 3 ] a*£2 ) Z#£*>i9W»fi«ftfcJ;t>*& 

f©ZJ&»Mdmd z CCjfi^ffitC&S <fc 5 tC. #62fl?S* 
Wdbz+ wiz+ W2z= 1 

[0256] fti,fi3 > MM&¥-&m&?zm&-czm 

* to <9 MWIf fltft edbz*0t6Ui, JE¥*ififtB 
to 0 if *»«ftffl©#Effl**£»W b z * 0 fc-TS© 

[0257] as* 4 ) ws^^fi-rj^t^© 
m.n m<Dfr&mn&$z.mw 1 z * o k u . m aw* 

[0 25 8 ]Sfc, Zf*$*)0]aiW?iMft6l db z©j* 
®SiS*siiaj3toS. Z#^toi3WWM«ftei d b z 

So 

[0 25 9] 3 miS.W-mm.ne 1 z, f2S? 

iifle2 z<D&mBmimm$ti&. mnsw-zmm 

ft9nz«, * 1 JS^XUMta 0 lx^AST^'J 

X*iZ(C. l#nK^to-ofcft:Wr*.5. 
fcfc. 02 5©X^Z(C. 14nKB#MSCiKJ:-5 50 
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(034«:M2r*t) t*&5o 

[0 25 1 ] #12tt, ^Stfeffl^rff 9. 



• • -S20 
*^iWd b z , Wlz, W2 z Z&iM-r £„ 
[0 254] jfc£Q$& £© J: 5 K. WlWifll*- jt > h 
©Zi»Mdmddbz, ^a^ffift-*-^ > h ZEfefr 
Mdmdlz, Mdmd2z £&j|{Cit&jS¥(frK27K: 

■5. BP*>, mm^SUPP^L (B*ZMP) Stof)© 

*-^>fMdmd©Z^iC-t3fS (^B"fto 

»i©3sas©^<!irai^fcig^=j>^^'/r>^ib 
itmncft-rzm&i tabic «r©^2 1 

* njts^cR o MM-r €><t^ icmfr zmm-r z . 

[0 25 5] 

• • -S21 

[0 2 6 0] _hfEL/e. 13 1 © S 3 4 a TiitotoSM 
II©-tf7*;b"^>?r, 03 9©S 2 0 Oft^LS 2 0 6 

[0 2 6 1] ±IJK»-^T. f*IEB«S¥{£g«* 
tfJ(03l7n--^*-b©S3 8iCtlS) CC*i(,» 
r. P5Mi«ft6> d b v, ZiSbDS«*«ft9db 

z, ii s¥xii«ft six, mi sw-Ymmm o 1 

y, Sl£¥ZiIft0 1z, jS2S¥Xti«ft0 2 
x, ^2£¥YiIfte2y, S2fifZlifte2z 

So 

[0 26 2] »3©H*t©^!S«_hia©*B< . H±*S 
At-^>h©Z)it» (iSBMStoO©^) &c*fT3 
3>^7-YT>xS0tap*iiftiLfc©tr. fi£it?©Jelt©» 
SSr-ifi^fc^ffl^ »*«cj)n*.r. ZWito«5HWEW^S 
Iticcsas-r SH#JS¥J5RJS^J* - ^ > h © Z ^©ss» 
*W$iJ-r S C £ * , J: -o T WS^t&c zK » h ©sSt& 

[0 26 3] 3 6JC«» 032 CC^LfciBKSS»*(HSP& 
<fc*£?T5 £*<§>> gW£T-5SKK?&-3r«aa<^i 

[0264]^ H3©*j6©^SSiC*Jl^>T, 3-U- 

H2>i>- loo, aafeg • ki» • ^firti^s 102% 

JS^j*- ^ > h © Z fS^M d m d z fc5i^©ifi^ 
S ^tf> . H^mS*^- y > h © Z fS^CC 
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[ 0 2 6 5 ] m 1 L»3©*teOJKlllrJSLhE©in 
<, (±ft24) £, futBSftiClS 1 © 

MSB (10, 12, 1 4R (L) ) ZftOXm&ZtlZ 
i*(C. *©5aSB«C*2©Hffi (18, 2 OR (L) ) 

fcrt-uraisstisjeff (ST2 2R (d ) 

Igifc* (2*) <DMU W9W>9 2) *>6fc*JH5J» 
Mutfv h©3Hj$JilgK:;tet,>T, MfEatf * h©4>&< 

p* RcftffiTS:£i*J5*©S«^£-> (@«^J* 
J§2>. SS^fcKfrtp'CwS ( = 11ZMP) ) £4>&< 
£ fe^tf pfBP * » h CD*S*^JiW 4*&§=£fiS*© 

(^*fS^. s i o #>6 s 2 2 ) , mB&Mstvtc& 
s©^js^j?:Btfi5SiH5©^n^ : n(c^iaL//ci *©ffr 

&5E^|g (St§J*S;ft#iB2g. S24, S 2 6 ) . wia 

tttfJS. S32). arEtfttH3tife««5**t«rBE»ffi 
h (iSn£¥^t-^>FMactx, y, z) 

^rMffisaiJ*iaRsi*si5Bga (nfW*«^e d b 

v, z, SnSflifftenx, y, z) fefcJ&TSfi 

S 3 2 S 3 4 . S 3 4 a . WWflHtftgSEglS. J»n 
S^fStft^SB, S100*>6S10 8*J<fcc;S20 

o 6 s 2 o 6 ) , traa^s ft^spaiaKca-^ 30 
mmmiE^m m&=i>-?5 a t >*«rftfcje». s 3 

8 , S40, ftiEa«M¥&g • «^mtHgC) . fc£ 

cf» Hufa^iE3n/csgB©fitg • 3fi»{ca^i-cmsao 

h©^lfc=fcD £ m2©ra§5 ( 1 0, 12, 14. 1 
8, 2 OR (L) ) 

S40, S42) *«*.SJ:5CC*)Sl,fc. 
[0 26 6] *fc, jl>«fc< (±#2 4) £, ffT 40 

faSffcCClS 1 ©Mffi (10. 12. 14R (L) )*A 

urafesn-sifttc. ^©$feSic^2©wgp (is.' 
2 or (D ) *^-C/t:aassn4ja* (S¥2 2r 

(L) ) (2*) ©»3$ (»asy>* 

2) a^&SW^i&Ptf* h loMflgfiBlcb^'t:. 
mria u * : v h ©4>& < i fc Buiassp© a«&g*s «t 
»**wu&/'<*-> (a«±f*&g-«i£, @*e¥ 

as^*-> mm^mB&j. mu^mstjf^ (=s 

« Z M P ) ) *4>tt < t fe^tf tulBP # ? h ©*&§££ 50 
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J*T**S*RS*S <*S*Rft», S10*6S2 

2) , H}ffii^§nfc^©^j*S7j*«riassi5©^n 

s 2 4 ) . ««aja»tcffffl^-s«*s* ( s^s^ere 
9s&&&mxt}wms s 3 2 ) . 'ptz< t bmz&km 
(mmmmne dbv, z> insriwenx, 

y. z) *Sft5e-rSJB*B<R«ifc3£#« (tl^a>^ 
-CT>Xtt^^g|5, S32, S34. S34a. 
fflHRft^SP. *nJET«MWISt«». S 1 0 0*»6S 
1 0 8 J:CJtS 2 0 0 *>6 S 2 0 6 ) . frtB^sn/c 

>^7-TT>X»|{m^|5, S3 8, S4 0.^iEa«l 

fig • mmtcm-i^ximzntf vv<om\ *jj;^2© 

IB® (10, 12, 14, 18, 2 0 R ( L) ) =&^f4 
-fd7X?a»g|l) . ^{43>hP-7, S4 2)?:{f^§ 
[0 26 7] & fc. mrlBSgWig • ^iM«IE3M3W, mf 

iBift^ s 1 > Tfriassi5©agfc <± 

-5 1 » B*©iffitt * to 0 (CiaKf S J: 5 . MtB@ m 
figfc J; O*/* /cB^^fiiJET SAP < flfJ£ 

[0 26 8] § 6(C, BuffiPsP s- h KHIBKf^-r** 
J5RJS^-^>h (J:0iE?»ctt*-^> h)S55-PQi * 

Flact +PQ2 *F2act +Mttact +M2act), S/c«f5IBP 

bicmmci^mt^mfxtxo^-^oh (fql * 

Flact +PQ2 *F2act +Mlact +M2act ) ^6mflBSSI5 
(CfffflT -SmS^J-t - ^ > h ( Ntlact + M2act)£-M» U 
rf#/c*-^ > h (Mf 1 f2act=PQl *Flact + 

pq2 *F2act > (D^-fftfrznmb, '3>t*< i^Miast 
tifc*-^ > h (elect mu^^Msa^m 
Kfldbv, z ) *^T*aa»««*s*a <a 

^^y'vJTyxWiiWVz^ S3 4, S34a, ffi 
WfflflWI^SP, S 1 0 0 #>6 S 1 0 8 , S 2 0 0*^6 

s 2 o 6 ) tm&sm&m • mmiiE^m^ m 

mm>x «u taffi§is©{ig& J: t>v * tctmmZBlE? h 

[0 26 9 ] WgB^flsS*©a«/f *->K#Jp 

Mdmd) iwa£ajiaiK«ae*a*jj:c;/* 
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*i j; 0 s /* tctmmmz&jE.? z> ( s 3 4 , s 3 4 a , 

S100*»&S10 8, S200 3&»6S206)Sn<« 

>h£, 4>&< i^naiantf? hcomtmg: (0 e r r 

x, y) (C«-3t>T5fc&£ (S 2 8, S3 0a)in<1« 

[0271]^ m^mtmimm±m&&j*~>t 

> h*. 4>&< ifc|(rfansK-3 b©3-U- h (0 e r 
rz, d^er rz/dt)icl-5l,>t**5 (S2 
8, S3 0 a) .fcSKflteSUfc. 

[ 0 2 7 2 ] */c, mwmsi&miK&mi&f)*:-* 

>h£. 4>&< ifeWEtuKv f- ©§«£&*&*> 6©?" 

as-3(r»r*«>* ( s 2 8 , s 3 0 a ) ia< fflmotc 
[0 2 73]$fc, wraa«»5!c^b»f fluffs**- y 

>h (*i«£J*JS*>Mdmd) ©4«©§fi£©f£# (Md 
md z ) *^ifctt-e©i£^fCS5e-r-5J: 5 iCflllSL 

[0 2 7 4] fuiaSgPfeg • «»KjE#e«. if 

[0 2 7 5 ] *fc. flWeSiBlHSaStffi^SfcJ:^/* 

sft& <fc ^ k. itrfassi5©[5itefi*s «t xi/^damnm 

(S34, S34a, S100*>6S10 
8, S2 0 0#>6S 2 0 6) fcKflfej&Ufc,, 
[0 27 6] Sfc. 4>&< (±{*2 4) £. Bu 

ElSftCCft 1 ©MI5 (10, 12, 14R(L))*A 
tt«SSMi*{C, *©5fcS§K:*2©Htt (18, 

2 OR (L) ) *^-l/-C3ttSS#lSja* (J£¥2 2R 
(L) ) (2*) ©W33 (JW»'J>* 

2) *6&SW5$M&iajK* h 1 (Dfflffl&iWlCis^X . 

Mia a # v v <D$>tn < 1 1> BuiasfP© @«fegfc J; ef « 
»* stHw»' < * - > ( m m±.ft&m • 

( = StIZMP) ) h©#5g££l& 
TSiMSSfert^K <#8&JSHk S 1 0 *> 6 S 2 2 . s 
24), mfian*^ h ©^»$5£{fc©fc&©1*«:£j*g 

* (ii«^mjs*Mdmd) &nm?&&mse4m9. 
^mmjwm^m (mm^Mitmmmn^ s3o, s 

3 0a), mm&mcimrzmmixt) (*&s¥^s 

4, m&m¥mmjj&m&< S3 2> . tfrias»^s© 

<B«fcgyjfl«». S3 4. S34a. S 1 0 0*6 
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S104, S 2 0 0 *>6 S 2 0 2 K Mfe^BBSftfca 

•&teSB. S36*»^S38, flMtA%£tf. W»mm 

n/cStlSSRfegfc cfc ^^ca-^lirlSflBP^ *;hffl 
^1 feJ:0*^2©Mip ( 1 0, 12, 14, 18. 2 0 

io r (D ) &&<m®-?zm®&.mm£&. h 

-5. S4 0, S4 2) *flt*4An<«WELyfc. 
[0 27 7] «TlB«iMM3:, NIBiaiKv H©sg 

^Hf^(ca-2f«,*t:«rfa@«^©s2iJ©&s*i«t 0 s /* 

[027 81 S, ±.mvtcm 1 &C» l/» 3 ©**©»* 

13 1 7 tc^ L-fc «t 5 ft @«SJS¥«JK^J^C^©R*> 0 
20 K. ^©Kr5CC*HSLri,»-2>J£fiffii&Ml|!(© c P©8iJ©* 

[0 27 9] -5-©K3e#ffiW*«T«:5»J56-r*. fS*M 
S«S9S«:ft4*s. ^(cjcoTtt, J£¥*(H]fs$-i+'r 

JS7J©7J^ic^or», ADT»0!ft^J:9«:-r-5c 
30 [0280]fSD > h i*£¥l«R 

g-w-rnKt) tp-b&M . ^-©Pi^ tease o r c > ssfiSia 
«W*>6a*a:i>J:^K:»srr*. «je@m#j£¥j*s 
^>tfi^a;fctt^-©ji©ia^*ii«^i:^{c-r-5„ 
[ 0 2 8 1 ] 3NS2 > SEa£ur(,»*jaj^stt«w©mn 

40 [0282]fS3) HSS¥^S7J*6^#S¥^JS 
[0 28 3]#ffi4)#Sl^63 (Cptf /c^SHtenti 

[0284]^, ±sE«c*ji,»r. ^mmmmDE-t}^- 
*©-»ccft©jE*3W«^U!&c»Ba»). -rftt>^tt«* 

50 [0285] Jfc, ±IBbfc» 1 bW 3 ©SlJt©^ 
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21426 o^r««Lfc±(«i3«5e#ac*«t»rw 

[0286] a#s¥fiH • gmmMZMaicmiE-rz 
&<&sfc^-ftj&s$>s 0 c©j:3 wastes. ±iewit io 

[0 2 8 7 ] ±SBUfcm 1 3 ©f?*l©ft? 

*. WJWIt«ft 9 d b v4» ACfftjaWMW 0 n x , 0 

[0 28 8] ftflqftjctt. %® £ ±f*(D«jSHBS 20 
©Xt&fr0 e r r x. YJjg#0 e r r y iflWB^d' h JU 

Tl#6n/iiS»l«ft 0 d b v K. &5£©A 0 d b v £ 
mfcfc©*»*TWJWfl«ft 0 d b v if 3„ 
A 0 dbv = -(0 errx * Vx + 0 erry * Vy ) 

[0 28 9] m^&&m&Pi&z&¥&~c&iitvttm 

1 &¥-Xmmft Six. fll 2 M¥Xfflt«ft S2x*W 
n-?)he e r r x*5H,»fc*>©*5t»r» 1 J£¥Xli<l 
#0 1 x, »2S¥X««ft6 2 x<hTS„ 

[0290] mftK&s?m(MW5&m-?&ztittM 30 

tl^tie err y 45H,>fc4>©*K2f>r^ 1 £¥Y«« 

«eiy. i^2S¥Yiimft0 2 yi-rs. ft. awoB 

1 0fflteJ:O*l 3S«. C©l5i!c(cS-5^r^-5„ 

[029 i]*fc. ±tHufcm i act* vm3 <Dmm<o& 

MWti«^««ft0 f f dbviimfik BP*3. 

[0292] ±teo/c» i Jtct^ l.*3 <omm<D& 
9 1 Bx-xmrnssmmn e t r 1 xt*»-c*>ai». bp 

[0 29 3] Sfc, ±E0ftJ£ 1 tt(ril/^3©SQ6©^ 

l^*Ht«^B**S*«2H5euri,>*acBi^:* < ft 
ft: 5 tB^tc tt. £ 3 > ^-Tft & fc&&cS&5frK;*j 
©*§fltlS#M d m d KSKtAt < 
[0 294] ?ffiC%l>ftlH^®X4bK*tt-&a.'-f;* 
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[0295] *&, *#a¥flas*36»6jaT©»«fcK« 

(M^«^JE¥^JS*4J^**5M^©®il6M«{*>P.^ 
tiT^fti^fti) 4*56 U !8Jffl*»>WI< ft*»ft:6 
fc»&*TtfT*-y>h©26£*JffMf £ft£\ US 

[0 29 6] Sfc. ±EUfc* 1 ft:l» L-SI 3 ©Hife©?f5 

Wmx-\ZM1fiibZ>ifi. Mg5©BHg(cJ: 
fit I. 9, -e©H^fc«^{g^.ft:c^ 
[ 0 2 9 7 ] *©£ *«, ±f*fig • sg^tcMT 

®3? ©ft*ffl a # ? h ft: i'r- 4, m < ffl 6 ti 5 & 
So *uia©^ii*sffiA fi^i^X 4> , C©^ft6«, 

[0 29 8] $ fc, ±SfiL/fclS 1 ftl^ L-^ 3 ©Ht£©ft£ 
^iCfcC^r. (£4a«M«3 2 (*J«fcO*aj^¥ttf*3 4) S 

, f FA „ ^$i]fpg|5^.{c$> o . ^fi^5a««^istwft 

&©-C&& 0 

[0 29 9] * fc, ±IEb/c^ 1 ftt,> Vm3(Dmm<DM 

[0 3 0 0] Sfc. JifBGfc^ 1 ftC^ Lm3(Dmm<DM 

L« ItZMP©^, f - >K J: -or » 

^f^Htt^iS^ <!: &MMmMJxj]<D<£t)*mt>¥W 

tett*l**>»)©(S«'*Hw,>'r»r?*sft:6«. -e© 

[0 3 0 1 3 **:. *m®IAW. «WI¥5 - 3 3 7 8 4 
$->©ZMP i g&£J5RS##'Cv£JC-rft££ C 3 # 

s cite «fc or. s»»©«#*a7c3-tt«#iS*lijp50 

4>,£«. ISZMPiC- ifcLftt*. 
[0 30 2] Sfc. C©«W*2JEa*fTnjK» htCHO 

[0 3 0 3 ] 

[HW©^*] *5R3Ilfll«:*o-Ctt. «35»»0!jf> 
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[0 304] flp-6. A«W^^ta0^ffi«4/cW-Cfe< . 
«Bf «ft DflCrf>«»& £" ^tf ^ S3 0 ft t, >*»t^fc# 

[ o 3 o 5 ] *fc. m&mvtfv v<&gm&g.imM io 

C t ifi-CH . JBW^iti a jj? v h ©ig 

ft#^ffi«-T C <b tfT? * s . 
[0 3 o 6 ] S*l21K:4-,rB, W^a ia<fcl5j« 

[0 3 0 7 ] lf*I13 3S(C«)-pr« l »taiiiisis 

©ft^a**» s c i &-c * 5 i ftic , mKti 4 <t «3 a 

WltSCi^*!.. 20 
[0 30 8] l»*iI43I(C*^T», »*»l^<i:R«l 

[0 30 9] If *IB 5 ffciotB, lt*]l 1 

[0310] ItJRJierafC&ort*. SS!HGfc<fc|5]t§<D 

[0311] i»*|7|K*om tfirgBOfciPlfli© 30 

A*-»fil±S-ttSCi36JT?**. lot, jHgMft&d* 

[0312] ttsfcffl 8 WK WEO&ilBWt© 

[0313] tfjjcif 9JSfc&~>-rtt, fufBLfctPMSS© 40 

[o 3 i 4] it38li owcfcoTt*. wftaufciiBjii 

[0 3 15] lt*iMl i:wc*-oT«, miZLtctmm 
W*«iEK^IB"r*Ci3&s-r*. ^ffii©*M53-flJfe^ 50 
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<[aljfi-r-5>c:<!:^-et-s„ 

[0 3 1 6 ] sfc&Sl 2Wr)t(J, I»j]£JI1II£c£ 

[0317] »*S1 3ffl(CA^T«, M$q(l 2IMi 
R«©fBi^*»*c b#9 Rc 

So 

[02] HI dC^jk-T 2 S^tf B # 9 h ©aSP©fg i*4i 

tf&i»Jffl0-e&s„ 

[03] 01 (Cit 2 aiMfB # 9 h ©flJiPa- 9 h © 

fifffl^-r^B 9 *0-c*s. 
ti4] c (D^mm zv&am b «k » h ©*«£gg© 

[05 ] 0 1 Kit w^s»ib^9 ha^ta^'frrs 

£ & ©»Jtt^ £ - > ©— fi^iT t£9i 0T *> -5 0 
[ 0 6 ] 0 5 ©iift/S $ - >{C»(&S" S SS^:J*S*4i 

(BIzmp) «is*©j*M±tfLM4i-r^B^0-e* 

s 0 

[ 0 7 ] 0 5 <oa»^ * - S 
^ (@SZMP) «i^©^^A • =f 
[ 0 8 ] 0 5 ©3Bt&^ * - >cc^tBT 5Hff «©^#4r« 

[0 9 ] 0 5 OiMftA 5r- >tc*titrr *JJf5e«^fefl:*il* 

fc-r «fc ^ «ck^ 2 a¥*JS**^*«© f 

[0 1 0 ] 04 tBSKC. CO«lJ8K:«*JBI*»ttO# 
9 f- <DfflW£i&<D9i)i'P : ?:™'?7 B - • ^i^- ht?*5 0 

[01 UI107O-- h©rt©swMmft^ 
i©?s#i!!!ia4tf i4K^-ra^3>77-{7>x 

[0i2] 01 1 {c^-rKatctewsati^aag*©!* 
5e4i-rs4W0r*s. 

[0 1 3 ] 0 1 1 {c^-r«aK*jtf seasa^flas* 

[0 1 4 ] 0 1 1 (c^-rK»«c*jWS»flt^«S^*- 

^> h4i-rsiBj0-r'*-2.o 
[0 1 5 ] 0 1 1 'ci-r^atcfcws. sa^ws** 

<0^[«d». *¥ffi«cSiB^M©ffi^^ h;UV4i 

•rmHj0-c*-g> 3 
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ua i e ] h 1 1 K^-rtm«:*m€K B«&fi¥fRs 
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